ABSTRACT
INTRODUCTION
Several microorganisms including fungus and virus infect Citrus plants. "Fumagina" is an association of fungus, which presents a soot coloration and attack Citrus trees, producing a yellow cover and fall of the leaves, reducing the size and amount of the fruits" (Fanta et al.,1992) . Fumagina is produced by the Capnodium fungi (Almeida et al.,2003) , a fungus from Dothideales order that lives associated with the yellow aphid ( Monelliopsis pecanis), excreting a heavy load of a sugary substance that provides the sooty fungus development, covering, in some cases in totality, of leaves, fruits and branches surfaces (Aragão et al., 2001) . The physical block of the photosynthesis is one of the largest problems caused by the disease. This reduction in the photosynthesis, however, affects the reserves of carbohydrates in the plant, resulting in the reduced and bad quality harvests. If the harvest is not treated at the proper time, it can be lost, causing damages to the agriculture, especially of areas of citric plantations. The technique of fluorescence X-rays for dispersion of energy (EDXRF), is a versatile technique of low cost, non-destructive and fast in the simultaneous determination of many elements. It requires small amount of samples and many of them can be analyzed without any special preparation. The qualiquantitative analysis of elements with the X-rays fluorescence technique bases on the measurement of the characteristic X-rays emitted by the elements of interest contained in the sample, when properly excited. The measured intensities of these characteristic X-rays are directly proportional to the concentrations of the elements in the sample. The characteristic X-ray emitted has its origin in the electronic transitions between the most internal layers (K, L, M and N) . When one electron jump from external level to internal level, it is followed by the emission of an X-ray with very defined energy or wave length, characteristic of the element. (Lachance, 1994) . The analysis by X-rays fluorescence consists of three phases: excitation of the elements that constitute the sample, dispersion and detection of the X-ray emitted. (Nascimento,1993) . The samples used in this work were infected and healthy leaves of Citric plants orange and lemon trees (Rutaceae-Citrus spp). Through the EDXRF technique Aragão et al., (2001) have observed that in the healthy olive leaves, from Mediterranean area, the concentration of iron was smaller than the one of calcium, while in the plant leaves infected by fumagina this relation was inverted, observing a quite high amount of iron in relation to calcium. This was the only work in which the variation in the concentration of Fe was measured in the plants infected by fumagina. Ivanova et al., (1999) , using the EDXRF technique with radionuclide sources, measured elements concentrations in four species of the healthy plant leaves. Guohui and Shouzhong (1995) reported the direct determination of 25 elements (11 ≤ Z ≤ 82) in dry powdered plant materials by X-ray fluorescence spectrometry. It was using the pressed powder pellets of the plant samples, containing 1 g of the dry powdered material. The measured elements concentration was in the range from 0.2 to 30460 ppm, and the lower level detection (LLD) was in the range from 0.25 to 23.6 ppm. The aim of this work was to analyze the amount of the chemical elements in the healthy and fumagina infected leaves by EDXRF. Ajasa et al. (2004) , using atomic absorption spectrophotometry, measured a total of 10 elements (11 ≤ Z ≤ 82) in powdered medicinal plant samples. The measured elements concentration was in the range from 0.21 to 36600 ppm.
MATERIALS AND METHODS

Experimental Set-Up and Parameters
The excitation of the samples was accomplished with a Mo X-ray tube (K ∝ = 17.44 keV) with Zr filter, whose operation conditions were 10 mA and 25 kV.It used a Canberra semiconductor Si(Li) detector, model SL 80175, 80 mm 2 of active area and resolution of 175 eV for the 6.4 keV Fe X-ray line.An Ag collimator of 6.3 mm diameter was used over the Si (Li) detector, in order to minimize the detection of dispersed radiation produced by the experimental arrangement and also to reduce the dead time. The time of excitation and detection for the samples was 300 seconds and varied from 100 to 500 seconds for the MicroMatter element standards. The measurements were accomplished at the Laboratory of Nuclear Instrumentation in the Center of Nuclear Energy in Agriculture, CENA/USP, Piracicaba, São Paulo. The data were analyzed at the Laboratory of Applied Nuclear Physics of the State University of Londrina, Paraná, using the software AXIL (Espen et al., 1977) .
Preparation of the Samples
The samples of Bahia, Valência, native orange leaves and Tahiti lemon leaves collected in the School Farm of the Agronomy Department of the State University of Londrina were prepared and measured in three stages: 1) In natura: without any preparation. Three different leaves were collected and measured directly. 2) In tablets: the samples of leaves were washed and placed to dry in oven at 200º C during 48 hour. After drying, the samples were crushed and, using 1g of this material, tablets of 3.1 cm of diameter were made by pressing the material at 12 t.cm -2 for five seconds, resulting in a superficial density of 0.132 g.cm -2 . Three tablets of each kind of leaf were prepared for measurement. 3) Tablets with boric acid: 0.1g of dry leaves material was diluted in 0.9 g of boric acid (H 3 BO 3 ). Tablets were made using 1g of this mixture as described above. For all the stages 1, 2 and 3, three different samples of each leaf type of the considered Citric plants were measured and analyzed. For the calculation of the sensibility, the thin film standard manufactured by Micro Matter/U.S.A., was employed whose element concentrations are shown in Table 1 . 
Quantitative Analysis -Emission and Transmission Method
The concentration of the elements in the pellets was determined through the equation (Giauque et al.,1973) :
Where:
c -element concentration in the tablets (µg.cm Through the equation shown in the respective figure the sensibilities were calculated for the elements of interest. For all the biological samples, the absorption factors were determined with the aid of equation 2, using an irradiator containing the elements V, Mn, Cu, Se, Br and Rb (atomic numbers ranging from 23 to 38). Fig. 2 shows the relation between the absorption factor and the atomic number for a sample of Valência orange with fumagina. And for the sample of Valência orange with fumagina ( Fig. 2 ) . All the samples presented correlation between the absorption factor and the atomic number. Fig. 3 displays the relation between the detection limit and the atomic number for the samples with fumagina analyzed in this work. For the atomic number 22, the detection limit varied between 50 and 86 µg.g -1 . For the atomic numbers from 25 to 30, the detection limits were lower, varying between 2.8 and 15 µg.g -1 . However, in a work with leaves of olive tree from Mediterranean area, Aragão et al.,(2001) , observed through the EDXRF technique, observed a metabolic disorder of Fe and Ca. Analyzing the spectra of healthy olive tree leaves and comparing them with the ones infected by fumagina, they observed that in the healthy leaves, the concentration of Fe was smaller than Ca and in the infected leaves with fumagina it was opposite with a quite high amount of Fe in relation to Ca. The concentration of Fe measured in the infected leaves of olive trees with fumagina was 80ppm, quite inferior to the observed values in the infected leaves studied in this work. Ivanova, et al.(1999) , using the EDXRF technique with radionuclide sources, analyzed the species of healthy plants Pleurozium schreber, Taraxacum officinale, Picea abies and Populus nigra "Italica". Table 6 shows the results of the concentrations obtained for K, Ca, Mn, Fe, Cu and Zn. . Guohui and Shouzhong (1995), using X-ray fluorescence spectrometry, measured 25 elements in the dry powdered plant materials. The results of the concentrations obtained for K, Ca, Ti, Mn, Fe, Cu and Zn can be observed in Table 7 . Table 8 . Comparing the results of Table 6 with those of this work for healthy leaves (Tables 2 to 5) , it could be observed that the range of concentration of Fe in both works had the same order of magnitude. Ivanova et al. (1999) , didn't present any results for Ti. The values obtained for the range of concentration of Mn were equivalent in both the works. For Zn, the range of concentration measured by Ivanova et al. (1999) , was a little higher than that measured in this work, while for Cu, the range obtained in the present work was quite superior to that measured in the plants analyzed by Ivanova et.al. (1999) . Comparing the results of Table 7 for the Citrus leaves samples with those of this work for healthy leaves (Tables 2 to 5 ), it could be observed that the range of Fe, Mn and Cu concentrations in both the works had the same order of magnitude. Guohui and Shouzhong (1995) , didn't present any results for Ti. For Zn, the range of concentration measured by Guohui and Shouzhong (1995) , was a little higher than that measured in this work. Comparing the results of Table 8 with those of this work for the healthy leaves (Tables 2 to 5 ), it could be observed that the concentrations of Fe and Zn were a little higher than those measured in this work. Ajasa et al. (2004) , didn't present any results for Ti. The values obtained for the concentration of Mn were higher than that measured in this work. For Cu the range of concentration measured by Ajasa et al. (2004) , was a little smaller than that measured in this work.
CONCLUSIONS
The obtained results employing the three different samples preparation methods resulted in similar conclusions for the various elements behavior comparing healthy and infected leaves. In healthy leaves samples, without fumagina, the obtained concentrations for the analyzed elements varied from 44 to 192 µg.g -1 for Fe, 54 to 84µg.g -1 for Ti, 8.7 to 59 µg.g -1 for Mn, 4.7 to 13.3 µg.g -1 to Zn e 3.1 to 33 µg.g -1 to Cu. The obtained concentrations in samples of infected leaves with fumagina varied from 363 to 704 µg.g -1 for the element Fe, 64 to 111 µg.g -1 for Ti, 14 to 70 µg.g -1 for Mn, 6.9 to 21.2 µg.g -1 for Zn and from 3.9 to 133 µg.g -1 for Cu. The concentration of Fe in the leaves infected by fumagina, in relation to the healthy ones increased by a factor 5.3, 2.5, 1.9 and 8.2, respectively for the leaves of Bahia, Valência and native oranges, and Tahiti lemon. Comparing the citric species among themselves, it can be observed that the Tahiti lemon leaves were more affected by fumagina than the three orange species leaves. In the EDXRF qualitative determination of K, Ca, Ti, Mn, Fe, Cu and Zn in samples of citric plants leaves analyzed in natura and in the form of tablet of the pure material of leaves powder, it was possible to observe clearly the effects of fumagina in the several analyzed species, whose behavior was identical to the measured in the quantitative analyses.
RESUMO
Foi empregada a técnica de fluorescência de raios X por dispersão de energia (EDXRF), para estudar os efeitos da doença fumagina na composição química elementar de folhas. O arranjo experimental consistiu de um tubo de raios X com anodo de Mo (K ∝ = 17.44 keV) com filtro de Zr e um detector de Si(Li 
